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(S4) Handover method in mobile communication system. 

(57) The handover method disclosed relates to 
mobile communication system in which, based 
on the number of handovers in mobile units, the 
size of the radio zone to be assigned to a mobile 
unit is selected. The mobile switching center 
(100) measures the number of handovers in 
each of the mobile units (120) engaging in 
communication and, during the handover in the 
mobile unit, the handover target radio zone is 
assigned based on the measured value of the 
number of handovers. The target handover of 
mobile units is determined by the target deter- 
mination controller (102) based the number of 
handovers memorized in the handover number 
recorder (103). The assignment of the approp- 
riate size radio zone prevents an excess load on 
the mobile switching center and the capacity to 
accommodate subscribers in the mobile com- 
munication system is enhanced. 
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The present invention relates to a mobile commu- 
nication system, and more particularly to a handover 
method in a mobile communication system used in 
multiple radio zones. 

(2) Description of the Related Art 

In a conventional mobile communication system 
that provides services with mobile units (mobile sta- 
tions) such as automobile or portable telephones, a 
system is employed whereby the entire servicing area 
of the mobile communication system is divided into 
small zones which are covered by a plurality of radio 
zones. The radio zone here means a range of area in 
which communication is made between respective ra- 
dio base stations and mobile units through radio 
channels, and there is one radio base station in one 
radio zone and each mobile unit can freely move with- 
in this radio zone. 

Also, each radio base station can utilize a plural- 
ity of radio channels and, based on the condition of 
radiowave propagation between the radio base sta- 
tion and the mobile unit concerned in communication, 
the radio channel used is decided. Further, when, in 
the course of receiving the services from the mobile 
communication system, the mobile unit experiences 
a deterioration of radiowave propagation environ- 
ments of the radio channel being used, it is possible 
for the mobile unit to change the channel to another 
channel. This change-over of channels during the 
communication is called "handover". The device 
which controls the radio base stations and carries out 
exchanges with fixed networks {public telephone net- 
works) is the mobile switching center. 

Where the small zone system as explained above 
is adopted, it is necessary that the current location of 
the mobile unit be registered in order to receive calls 
addressed to the traveling mobile unit. Various loca- 
tion registration systems have been proposed, and 
one of them has been disclosed in Japanese Patent 
Application Kokai Publication No. Hei 5-3581. 

Two typical handover systems, according to a ref- 
erence (S T S Chia, 'The control of handover initiation 
in micro-cells", IEEE VTC '91. pp. 531-536. 1991). 
are a backward handover initiation via the existing ra- 
dio channel and a forward handover initiation via the 
target radio channel. 

In the conventional systems, as shown in a refer- 
ence (Fumiaki Ishino et. al, "Mobile Communication 
Switching System for Voice/No nvoice Services", 
IEEE GLOBECOM '91, pp. 1485-1489, 1991), the ex- 
isting radio base station and the target radio base sta- 
tion are multi-connected by the mobile switching cen- 
ters during the handover in order to prevent the occur- 
rence of a momentary disruption at the handover. 

In the foregoing mobile communication system, 
as a means to effectively utilize radio frequencies, 
each of the radio zones is made small so that the 


same frequency may be repeatedly used in remote 
zones. Along with the making of zones smaller in this 
way, the handovers with which the mobile unit travels 
from one radio zone to another have become more 
5 frequent, resulting in a burden to the mobile switching 
center. Also, the multiple radio zone environment in 
which radio zones of varying sizes coexist necessi- 
tates the handover processing among the radio zones 
of different sizes. Thus, various means are being 
10 studied so as not to increase the volume of control 
processing of handovers. 

A method for processing calls or communications 
has been disclosed in Japanese Patent Application 
Kokai Publication No. Hei 2-143725 in which, for se- 
ts lecting control channels in a multiple radio zone en- 
vironment, the traveling speed of the mobile unit is es- 
timated using the fading pitch of changes in the re- 
ceived signal level or the number of level crossings 
and, when the traveling speed of the mobile unit is 
20 high, the control channel of the large radio zone is se- 
lected while, when the traveling speed of the mobile 
unit is low, the control channel of the small radio zone 
is selected. 

In the conventional technology, where the ar- 

25 rangement disclosed in the above Japanese Patent 
Application Kokai Publication No. Hei 2-143725 is ap- 
plied to the handovers in the multiple radio zone en- 
vironment, since the size of the handover target radio 
zone needed is selected based on the physical speed 

30 of the mobile unit, it requires a device which measures 
the fading pitch or the number of level crossings. Also, 
due to differences in the mobile characteristics such 
as the size of the radio zone in which the mobile unit 
currently exists and the ways in which the mobile unit 

35 travels, the mobile unit which travels faster does not 
necessarily traverse a larger number of boundaries of 
radio zones, hence a larger number of handovers. 
Furthermore, in the future, the multiple radio zone en- 
vironment in which the radio zones of varying sizes 

40 coexist may change so as to cover a very small zone, 
smaller than that now contemplated or a very large 
zone, or a nation wide radio zone realized by use of 
satellite, in which case the selection of radio zones by 
the physical speeds of the mobile unit will become 

45 meaningless due to diversification of environment. 

An object of the invention, therefore, is to over- 
come the problems existing in the prior art and to pro- 
vide an improved handover method in a mobile com- 
munication system in which, based on the number of 

so handovers in mobile units, the size of the radio zone 
to be assigned to a mobile unit is selected and the as- 
signment of the appropriate size radio zone prevents 
an excess load on the mobile switching center, where- 
by the capacity to accommodate subscribers in the 

55 mobile communication system is enhanced. 

According to first aspect of the invention there is 
provided a handover method in a mobile communica- 
tion system which comprises a plurality of radio base 
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stations for communication with a plurality of mobile 
units using radio channels, the plurality of radio base 
stations covering a plurality of radio zones whose si- 
zes are different from one another, and a mobile 
switching center for controlling the plurality of radio 
base stations, the radio zones having different sizes 
being overlapped thereby constituting a multi-radio 
zone environment, the handover method comprising 
the steps of: measuring, by the mobile switching cen- 
ter, the number of handovers in each of the mobile 
units engaging in communication; and assigning, dur- 
ing the handover in the mobile unit, a handover target 
radio zone based on the measured value of the num- 
ber of handovers. 

In the first aspect of the invention, the mobile 
switching center recognizes a radio base station, with 
which the mobile unit in communication has establish- 
ed radio connection, and a communication channel. 
In this mobile switching center, the number of hand- 
overs is calculated and. if the number of handovers 
is higher than its threshold value, the mobile unit is al- 
lowed to make the handover to a radio zone whose 
size is larger than the current radio zone so that it is 
possible to control the handover processing at the 
mobile switching center. Thus, it is possible to realize 
the efficient operation of handovers corresponding to 
the handover processing capability of the mobile ex- 
changer. 

According to a second aspect of the invention, 
the method is featured that, in the step of assigning 
the handover target radio zone, if the measured value 
of the number of handovers is higher than a threshold 
value, the handover target radio zone to be assigned 
is a zone whose size is larger than that of the radio 
zone with which the mobile unit is in communication. 

In the second aspect of the invention, the mobile 
switching center recognizes a radio base station, with 
which the mobile unit in communication has establish- 
ed radio connection, and a communication channel. 
In this mobile switching center, the number of hand- 
overs is calculated and, if the number of handovers 
is higher than its threshold value, the mobile unit is al- 
lowed to make the handover to a radio zone whose 
size is larger than the current radio zone so that it is 
possible to decrease the amount of handover proc- 
essing at the mobile switching center. Thus, it is pos- 
sible to realize the operation of handovers which cor- 
responds to the handover processing capability of the 
mobile exchanger. 

According to a third aspect of the invention, the 
method is featured that, in the step of assigning the 
handover target radio zone, if the measured value of 
the number of handovers is lower than a threshold 
value, the handover target radio zone to be assigned 
is a zone whose size is smaller than that of the radio 
zone with which the mobile unit is in communication. 

In the third aspect of the invention, the mobile 
switching center recognizes a radio base station, with 
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which the mobile unit in communication has establish- 
ed radio connection, and a communication channel. 
In this mobile switching center, the number of hand- 
overs is calculated and, if the number of handovers 

5 is lower than a threshold value, the mobile unit is al- 
lowed to make the handover to a radio zone whose 
size is smaller than the current radio zone, and this 
makes it possible to increase the frequencies in which 
the communication channels are used, thereby in- 
to creasing the frequency utilization efficiency of the 
mobile communication system. The availability of ra- 
dio zones whose spatial frequency utilization effi- 
ciency is higher makes it possible to accommodate a 
larger number of subscribers of the mobile communi- 

15 cation system. 

According to a fourth aspect of the invention, 
there is also provided a handover method in a mobile 
communication system which comprises a plurality of 
radio base stations for communication with a plurality 

20 of mobile units using radio channels, the plurality of 
radio base stations covering a plurality of radio zones 
whose sizes are different from one another and a mo- 
bile switching center for controlling the plurality of ra- 
dio base stations, the radio zones having different si- 

25 zes being overlapped thereby constituting a multi-ra- 
dio zone environment, the handover method compris- 
ing the steps of: measuring, by each of the plurality 
of mobile units, the number of handovers that have 
taken place in each of the plurality of mobile units; 

30 and assigning, during the handover in each of the 
plurality of mobile units, a handover target radio zone 
based on the measured value of the number of hand- 
overs that have taken place in the mobile unit itself. 
In the fourth aspect of the invention, the mobile 

35 unit calculates the number of handovers having taken 
place among its own radio channels and, if the num- 
ber of handovers is higher than its threshold value, 
the mobile unit is allowed to make a request to the mo- 
bile switching center for the handover to a radio zone 

40 whose size is larger than the current radio zone. This 
makes it possible to control the handover processing 
at the mobile unit. 

According to a fifth aspect of the invention, the 
method is featured that, in the step of assigning the 

45 handover target radio zone, if the measured value of 
the number of handovers that have taken place in the 
mobile unit itself is higher than a threshold value, the 
handover target radio zone assigned is a zone whose 
size is larger than that of the radio zone with which the 

50 mobile unit is in communication. 

In the fifth aspect of the invention, the mobile unit 
calculates the number of handovers having taken 
place among its own radio channels and, if the num- 
ber of handovers is higher than the threshold value, 

55 the mobile unit is allowed to make a request to the mo- 
bile switching center for the handover to a radio zone 
whose size is larger than the current radio zone. This 
makes it possible to decrease the amount of the hand- 
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over processing at the mobile unit. 

According to the sixth aspect of the invention, the 
method is featured that, in the step of assigning the 
handover target radio zone, if the measured value of 
the number of handovers that have taken place in the 5 
mobile unit itself is lower than a threshold value, the 
handover target radio zone assigned is a zone whose 
size is smaller than that of the radio zone with which 
the mobile unit is in communication. 

In the sixth aspect of the invention, the mobile 10 
unit calculates the number of handovers having taken 
place among its own radio channels and, if the num- 
ber of handovers is smaller than the threshold value, 
the mobile unit is allowed to make a request to the mo- 
bile switching center for the handover to a radio zone 15 
whose size is smaller than the current radio zone. 
This makes it possible to suppress the power needed 
for the mobile unit to communicate with radio base 
stations and to save the power consumption. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and ad- 
vantages of the present invention will be apparent 
from the following description of preferred embodi- 25 
ments of the invention explained with reference to the 
accompanying drawings, in which. 

Fig. 1 is a system diagram of a mobile switching 
center which realizes a handover method accord- 
ing to the first to third aspects of the invention; 30 
Fig. 2 is a system example of a table showing the 
number of handovers memorized at a mobile 
switching center to realize a handover method ac- 
cording to the first to third aspects of the inven- 
tion; 35 
Fig. 3 is a system example of a current radio zone 
memory at a mobile switching center to realize a 
handover method according to the first to third 
aspects of the invention; 

Fig. 4 is a system example of a multiple radio 40 
zone environment in which the handover accord- 
ing to the invention is realized; 
Fig. 5 is a graph with which the size of a mobile 
target radio zone is determined by a target deter- 
mination controller which realizes a method of 45 
the second and fourth aspects of the invention; 
Fig. 6 is a graph with which the size of a mobile 
target radio zone is determined by a target deter- 
mination controller which realizes a method of 
the third and sixth aspects of the invention; so 
Fig. 7 is a system diagram of a mobile unit which 
realizes a handover method according to the 
fourth to sixth aspects the invention; and 
Fig. 8 is a system diagram of a handover number 
counter within the mobile unit which realizes a 55 
handover method according to the fourth to sixth 
aspects the invention. 

Now. preferred embodiments of the invention are 


explained with reference to the accompanying draw- 
ings. 

Fig. 1 shows, in a system diagram, a mobile 
switching center which realizes the handover system 
according to the invention. In Fig. 1, the numeral 100 
denotes the mobile switching center, 101 denotes a 
mobile exchanger, 102 denotes a target zone deter- 
mination controller, 103 denotes a handover number 
recorder, and 104 denotes a current radio zone mem- 
ory. An embodiment of this invention is now explained 
using a multiple radio zone environment shown in Fig. 
4, In Fig. 4, Z1 - Z6 are small zones, 2M1 - 2M4 are 
medium size zones, and ZL1 - ZL2 are large zones, 
and it is shown that the mobile unit (Mobile Station) 
MS1 is located at point A and will be traveling along 
the arrow by using the communication channel Ch 1 of 
the radio zone ZM1. 

The mobile switching center 100 stores, in the 
current radio zone memory 104 therein, information 
as to in which radio zone each of the mobile units is 
currently located and which communication channel 
is being used by such a mobile unit. The current radio 
zone memory 104 can be configured as shown in Fig. 
3. As shown therein, the current radio zone memory 
1 04 consists of an identifier of a mobile unit, an iden- 
tifier of a radio zone in which the mobile unit is cur- 
rently located, and a communication channel being 
used. The handover number recorder 103 calculates, 
as the number of handovers, the changes that take 
place in the radio zone identifier and the communica- 
tion identifier of each of the mobile units based on the 
information stored in the current radio zone memory 
1 04, and memorizes the number of handovers in each 
of the mobile units. The handover number recorder 
103 may be constituted, for example, as shown in Fig. 
2. As shown therein, the handover number recorder 
103 is constituted by the identifiers of the mobile 
units and the number of handovers. The number of 
handovers is stored as the number of handovers per 
1 0 minutes, for example. 

The mobile switching center 100 controls the tar- 
get handover of each of the mobile unit based on the 
number of handovers stored in the handover number 
recorder 103, for example, in the manner explained 
hereinafter. 

The target determination controller 102 determi- 
nes the target handover of mobile units based on the 
graph shown in Fig. 5. In Fig. 5, Fb represents a pre- 
determined threshold value. 

The target determination controller 102 calcu- 
lates the number of handovers by measuring the total 
number of the handovers in the mobile switching cen- 
ter 1 00 and, if the calculated number exceeds the pre- 
determined threshold value Fb, the target zone of the 
mobile unit with the largest number of handovers 
among the numbers recorded in the handover recor- 
der 103 is determined as a radio zone larger than the 
current radio zone of that mobile unit, and the mobile 
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exchanger is controlled accordingly. Referring to Fig. 
4, when the mobile unit MS1 hands over from the cur- 
rent radio zone ZM1, the mobile switching center al- 
lows the zone to be transferred to ZL1 which is larger 
than ZM1 . Also, an alternative method conceivable is 
that, in the target determination controller 102, the 
number of handovers in each of the mobile units is 
read out from the handover recorder 103 in the mobile 
switching center 100, and if the number exceeds the 
predetermined threshold value Fb in each of the mo- 
bile units, the target zone of the mobile unit is deter- 
mined as a radio zone larger than the current radio 
zone of that mobile unit, and the mobile switching 
center is controlled accordingly. 

The target determination controller 102 can con- 
trol the handover targets of the mobile unit based on 
the information as shown in the graph of Fig. 6. In Fig. 
6, Fs represents a predetermined threshold value. 

The target determination controller 102 calcu- 
lates the number of handovers by measuring the total 
number of the handovers in the mobile switching cen- 
ter 100 and. if the calculated number is smaller than 
the predetermined threshold value Fs, the targetzone 
of the mobile unit with the smallest number of hand- 
overs among the numbers stored in the handover re- 
corder 103 is determined as a radio zone smaller than 
the current radio zone of that mobile unit, and the mo- 
bile exchanger is controlled accordingly. Referring to 
Fig. 4. when the mobile unit MS1 makes a handover 
f rom the current radio zone ZM1 , the mobile switching 
center 100 allows the zone to be transferred to the 
zone Z1 which is smaller than the zone ZM1 . Also, an 
alternative method conceivable is that, in the target 
determination controller 102, the number of hand- 
overs in each of the mobile units is read out from the 
handover recorder 103 in the mobile switching center 
100, and if the number is smaller than the predeter- 
mined threshold value Fs in each of the mobile units, 
the target zone of the mobile unit is determined as a 
radio zone smaller than the current radio zone of that 
mobile unit, and the mobile switching center 100 is 
controlled accordingly. 

Where the target zone determination controller 
102 has both the controlling functions shown in the 
graphs of Figs. 5 and 6, it is possible for the device to 
carry out both the controls at the same time. 

Fig. 7 is a system diagram of the mobile unit for 
realizing the handover system of the fourth aspect of 
the invention. In the illustration therein, the numeral 
120 denotes the mobile unit, 121 denotes an antenna, 
122 denotes a radio transceiver, 123 is a radio chan- 
nel switching device, 124 is a target zone determina- 
tion controller, and 125 denotes a handover number 
counter. 

An explanation is made here also using a multiple 
radio zone environment shown in Fig. 4. In Fig. 4, Z1 
- Z6 are small zones, ZM1 - ZM4 are medium size 
zones, and ZL1 - ZL2 are large zones, and it is shown 


that the mobile unit MS1 is located at point A and will 
be traveling along the arrow by using the communi- 
cation channel Ch^ of the radio zone ZM1. 

The mobile unit MS1 carries out the handovers 

5 using the radio channel switching device 123, mem- 
orizes the handover time in the handover number 
counter 125 every time the radio channel is switched, 
and calculates the number of handovers. As an exam- 
ple, the handover number counter 125 is constituted 

w as shown in Fig. 8. The handover number counter 1 25 
memorizes the time lapsed from the start of the com- 
munication, and the time lapsed from the start of the 
communication to the time when each of the hand- 
overs took place, thereby calculating the number of 

is handovers. 

The mobile unit MS1 controls its own target hand- 
over based on the number of handovers stored in the 
handover number counter 125, for example, in the 
manner explained hereinafter. 

20 The target determination controller 124 determi- 

nes the target handover of mobile units based on the 
graph shown in Fig. 5. In Fig. 5, Fb represents a pre- 
determined threshold value. 

Based on the number of handovers calculated at 

25 the handover number counter 1 25, when the calculat- 
ed number of handovers is larger than the predeter- 
mined threshold value Fb, the target determination 
controller 124 determines, on its own, the transfer to 
a radio zone that is larger than the current radio zone 

30 of the mobile unit, and makes a request, through the 
radio transceiver 122, to the mobile switching center 
for the handover. Referring to Fig. 4, where the mobile 
unit MS1 handovers from the current zone ZM1, the 
transfer is made to the zone ZL1 which is larger than 

35 the zone ZM1. 

Further, the target zone determination controller 
124 can control the target handover zones based on 
the information in the graph shown in Fig. 6 as follows. 
In Fig. 6, Fs is a predetermined threshold value. 

40 Based on the number of handovers calculated at the 
handover number counter 125, when the number of 
handovers is smaller than the predetermined thresh- 
old value Fs, the target determination controller 124 
determines, on its own. the transfer to a radio zone 

45 that is smaller than the current radio zone of the mo- 
bile unit, and makes a request, through the radio 
transceiver 1 22, to the mobile switching center for the 
handover. For example, in Fig. 4, where the mobile 
unit MS1 makes a handover from the current zone 

50 ZM1, the transfer is made to the zone Z2 which is 
smaller than the zone ZM1. 

Where the target zone determination controller 
124 has both the controlling functions shown in the 
graphs of Figs. 5 and 6, it is possible for the device to 

55 carry out both the controls at the same time. 

While the invention has been described in its pre- 
ferred embodiments, it is to be understood that the 
words which have been used are words of description 
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rather than limitation and that changes within the pur- 
view of the appended claims may be made without 
departing from the true scope of the invention as de- 
fined by the claims. 


Claims 

1. A handover method in a mobile communication 
system which comprises a plurality of radio base w 
stations for communication with a plurality of mo- 
bile units (120) using radio channels, said plural- 
ity of radio base stations covering a plurality of ra- 
dio zones whose sizes are different from one an- 
other, and a mobile switching center (100) for 15 
controlling said plurality of radio base stations, 

said radio zones having different sizes being 
overlapped thereby constituting a multi-radio 
zone environment, said handover method char- 
acterized by comprising the steps of: 20 

measuring, by said mobile switching cen- 
ter ( 1 00), the number of handovers in each of said 
mobile units (120) engaging in communication; 
and 

assigning, during the handover in said mo- 25 
bile uniL a handover target radio zone based on 
the measured value of said number of handovers. 

2. The handover method in a mobile communication 
system according to claim 1 , in which, in the step 30 
of assigning the handover target radio zone, if the 
measured value of said number of handovers is 
higher than a threshold value, the handover tar- 
get radio zone to be assigned is a zone whose 

size is larger than that of the radio zone with 35 
which said mobile unit is in communication. 


measuring, by each of said plurality of mo- 
bile units (120), the number of handovers that 
have taken place in each of said plurality of mo- 
bile units; and 

assigning, auring the handover in each of 
said plurality of mobile units, a handover target 
radio zone based on the measured value of said 
number of handovers that have taken place in the 
mobile unit itself. 

The handover method in a mobile communication 
system according to claim 4, in which, in the step 
of assigning the handover target radio zone, if the 
measured value of said number of handovers that 
have taken place in the mobile unit itself is higher 
than a threshold value, the handover target radio 
zone assigned is a zone whose size is larger than 
that of the radio zone with which said mobile unit 
is in communication. 

The handover method in a mobile communication 
system according to claim 4, in which, in the step 
of assigning the handover target radio zone, if the 
measured value of said number of handovers that 
have taken place in the mobile unit itself is lower 
than a threshold value, the handover target radio 
zone assigned is a zone whose size is smaller 
than that of the radio zone with which said mobile 
unit is in communication. 


The handover method in a mobile communication 
system according to claim 1, in which, in the step 
of assigning the handover target radio zone, if the 40 
measured value of said number of handovers is 
lower than a threshold value, the handover target 
radio zone to be assigned is a zone whose size 
is smaller than that of the radio zone with which 
said mobile unit is in communication. 45 


A handover method in a mobile communication 
system which comprises a plurality of radio base 
stations for communication with a plurality of mo- 
bile units (120) using radio channels, said plural- 
ity of radio base stations covering a plurality of ra- 
dio zones whose sizes are different from one an- 
other and a mobile switching center (100) for con- 
trolling said plurality of radio base stations, said 
radio zones having different sizes being overlap- 
ped thereby constituting a multi-radio zone envir- 
onment, said handover method characterized by 
comprising the steps of: 


50 


55 
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